With the seminal discovery of water splitting by Fujishima and Honda in the early 1970s, titanium dioxide (TiO 2 ) emerged as the premier photocatalysts for solar energy utilization. 1 However, TiO 2 has a wide intrinsic band gap and absorbs light only in the ultraviolet region resulting in less than 3% solar energy conversion efficiency. Reducing the band gap of TiO 2 is the main avenue for increasing the conversion efficiency. In this talk I discuss a conceptually new approach for bandgap narrowing of TiO 2 and other wide bandgap photocatalysts using noncompensated codoping.
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2 Non-compensated codoping consists of simultaneous doping using a dopant pair with opposite but unequal oxidation states. The electrostatic attraction within the anion-cation dopant pair enhances both the thermodynamic and kinetic solubility, and the noncompensated nature ensures the creation of tunable intermediate bands that effectively narrow the bandgap. The key features of the concept are demonstrated using first-principles calculations. The codoping of TiO 2 with the non-compensated Cr-N pair was studied in a form of nanoclusters synthesized by sol-gel methods and thin films grown by pulsed laser deposition. The compositional, structural, electronic, and photocatalytic properties of TiO 2 codoped with the non-compensated Cr-N pair were characterized using, XRD, XPS, STS, and EPR. It was shown that Cr-N codoping strongly enhances the incorporation of substitutional N compared to that in N-only doping. The origin of the electronic states introduced by Cr-N codoping of TiO 2 thin films was determined by a combination of x-ray absorption, x-ray emission and resonant photoemission spectroscopy. 3 The x-ray spectroscopy data show that Cr-N codoping effectively reduces the bandgap of TiO 2 by an extraordinary 1eV with new delocalized N 2p states associated with Cr-N codoping appearing at the bottom of the conduction band.
